A novel actinobacterium, strain A8036 T , isolated from soil, was investigated by using a polyphasic taxonomic approach. The organism formed extensively branched substrate hyphae that generated spiral chains of spores with irregular surfaces. The cell wall contained meso-diaminopimelic acid (type III) and cell-wall sugars were glucose, madurose, mannose and ribose. The predominant menaquinones were MK-9(H 6 ) and MK-9(H 4 ). The phospholipids were diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides. The major cellular fatty acids were iso-C 16 : 0 , C 17 : 1 cis9, C 16 : 0 , C 15 : 0 and 10-methyl C 17 : 0 . Based on 16S rRNA gene sequence analysis, the closest phylogenetic neighbours of strain A8036
The genus Actinomadura was proposed by Lechevalier & Lechevalier (1970) , and revised descriptions have been provided by Zhang et al. (2001) and Miyadoh & Miyara (2001) . Members of the genus are aerobic, Gram-positive, non-acid-fast actinomycetes that form non-fragmenting branched substrate mycelia and aerial hyphae bearing chains of up to 15 spores. Spore chains have various shapes and ornamentation. Members of the genus Actinomadura are also characterized by a number of chemical markers, including the presence of meso-diaminopimelic acid (cell wall type III), the acyl group of the muramic acid is of the acetyl type, and most species contain madurose as the characteristic whole-cell sugar. The predominant menaquinone types are MK-9(H 4 ), ) and MK-9(H 8 ). The phospholipid pattern is of type PI sensu Lechevalier et al. (1981) , in which no nitrogenous phospholipids are present (Kroppenstedt et al., 1990; Kroppenstedt & Goodfellow, 2006) , and the fatty acid pattern is of type 3a sensu Kroppenstedt et al. (1990) and Kroppenstedt & Goodfellow (1991) , with the exception of the thermophilic actinomadurae, which differ in their fatty acid composition.
The primary reservoir of actinomadurae is soil (Quintana et al., 2003; Cook et al., 2005; Lee & Jeong, 2006; le Roes & Meyers, 2007; Wang et al., 2007; Ara et al., 2008) , a few have been isolated from clinical materials (Trujillo & Goodfellow, 1997 Yassin et al., 2010) , an endophytic species was isolated from the leaves of Maytenus austroyunnanensis (Qin et al., 2009) and one strain was isolated from a hive of the European honey bee in Thailand (Promnuan et al., 2009 ).
Strain A8036
T was isolated from soil samples collected in Canakkale, Turkey, by using Gauze's medium no. 2 (per litre: 10 g glucose, 5 g peptone, 3 g tryptone, 5 g NaCl and 15 g agar; pH 7.0) (Gauze et al., 1957) supplemented with cycloheximide (50 mg ml 21 ), nystatin (50 mg ml 21 ), nalidixic acid (10 mg ml
21
) and novobiocin (10 mg ml 21 ), after 21 days incubation at 28 u C. Following isolation, strain A8036
T was maintained on glucose-yeast extract agar (GYEA) slopes (Gordon & Mihm, 1962) at room temperature and as glycerol suspensions (20 %, v/v) at 220 u C.
Genomic DNA extraction, PCR-mediated amplification of the 16S rRNA gene and purification of the PCR product were carried out following Chun & Goodfellow (1995) . The almost-complete (1475 bp) 16S rRNA gene sequence of strain A8036
T was determined by using an ABI PRISM 3730 XL automatic sequencer. Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved via the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . The program CLUSTAL W version 1.8 (Thompson et al., 1994) was used to align the sequences of strain A8036
T and related taxa retrieved from public databases. Phylogenetic trees were inferred with the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971) tree-making algorithms from the MEGA version 3 program (Kumar et al., 2004) , and the maximum-likelihood method (Felsenstein, 1981) from the PHYLIP suite of programs (Felsenstein, 1993) . The evolutionary distance model of Jukes & Cantor (1969) was used to generate evolutionary distance matrices for the neighbour-joining algorithm. Topologies of the resultant trees were evaluated in a bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings of the neighbour-joining dataset by using the CONSENSE and SEQBOOT options from the PHYLIP package.
For DNA-DNA hybridization experiments, DNA was isolated with a French pressure cell (Thermo Spectronic) and purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridizations were carried out as described by De Ley et al. (1970) , under consideration of the modifications described by Huß et al. (1983) , by using a Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with an in situ temperature probe (Varian).
Biomass for chemotaxonomic studies was prepared by growing strain A8036
T in glucose-yeast extract-malt extract broth at 160 r.p.m. for 10 days at 28 u C; cells were harvested by centrifugation, washed in distilled water, recentrifuged and freeze-dried. Whole-cell amino acids and sugars were prepared according to Lechevalier & Lechevalier (1970) and analysed by TLC (Staneck & Roberts, 1974) . Polar lipids were extracted and analysed according to the method of Minnikin et al. (1984) as modified by Kroppenstedt & Goodfellow (2006) . Isoprenoid quinones were extracted and purified by using the method of Collins et al. (1977) and analysed by HPLC (Kroppenstedt, 1982) . For extraction of whole-cell fatty acids, cells were grown in 20 ml trypticase soy broth (TSB) at 28 u C with shaking at 150 r.p.m. After 5 days incubation, 5 ml seed culture was inoculated into 50 ml TSB. The inoculated flask was incubated as before for 5 days. After harvesting by cellulose membrane filtration (0.45 mm), wet cells (200 mg) were placed in an extraction tube. Cellular fatty acids were extracted, derivatized to their fatty acid methyl esters and separated via the Microbial Identification System (MIDI; Microbial ID), utilizing an Agilent Technologies 6890N GC with a G2614A autosampler and a 6783 injector (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . Fatty acid methyl ester peaks were analysed by using TSBA 5.0. The DNA G+C content of strain A8036
T was determined following the procedure developed by Gonzalez & Saiz-Jimenez (2005) .
The morphological and physiological characteristics of strain A8036
T were determined in comparison with the type strains of its phylogenetically closest relatives, namely Actinomadura meyerae DSM 44715 T , Actinomadura bangladeshensis DSM 45347
T and Actinomadura chokoriensis DSM 45346
T . Cultural characteristics of strain A8036 T were determined after incubation at 28 u C for 14 days on various media as described by Shirling & Gottlieb (1966) : yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salt-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), peptone-yeast extract-iron agar (ISP 6), tyrosine agar (ISP 7), modified Bennett's agar (Jones, 1949) and nutrient agar (Difco). National Bureau of Standards Color Name Charts (Kelly, 1964) were used for colour designation. Growth was tested at 4-60 u C, at pH 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0, and in the presence of 0-5 % (w/v) NaCl on ISP 2. Decomposition of various compounds was examined by using GYEA as recommended by Athalye et al. (1985) . In addition, degradation of Tweens 20, 40 and 80 (1 %, w/v) was examined by using Sierra medium (Sierra, 1957) . Carbon source utilization was tested with carbon source utilization (ISP 9) medium (Shirling & Gottlieb, 1966) supplemented with a final concentration of 1 % of the tested carbon sources and 0.1 % succinic acid. Nitrogen source utilization was examined on the basal medium recommended by Williams et al. (1983) supplemented with a final concentration of 0.1 % of the tested nitrogen sources. Tests in the commercial API 20E and API ZYM (bioMérieux) systems were performed according to the manufacturer's instructions. Colony morphology and micromorphological properties of strain A8036
T were determined by examining gold-coated dehydrated specimens of 14-day cultures from ISP 2 medium by using a Cambridge Stereoscan 240 instrument.
The almost-complete 16S rRNA gene sequence (1475 nt) of strain A8036
T determined in this study was compared with the corresponding sequences of members of the genus Actinomadura. A neighbour-joining tree based on 16S rRNA gene sequences showed that strain A8036 T formed a cluster with A. meyerae DSM 44715 T (Fig. 1 clearly below the 70 % value considered to be the threshold for the definition of bacterial species (Wayne et al., 1987) .
The morphological characteristics of strain A8036
T were consistent with those of members of the genus Actinomadura. Strain A8036
T grew well on all of the media tested. It produced well-developed, non-fragmenting and extensively branched substrate hyphae that often formed spiral chains of irregular-surfaced spores (Fig. S1 , available in IJSEM Online). Whitish aerial mycelia formed on ISP 3, 4, 5 and 7, glucose-yeast extract-malt extract, modified Bennett's and nutrient agar. The colour of the substrate mycelia was orange-yellow. Diffusible pigments were not produced. Melanoid pigments were not produced on ISP 6 or ISP 7. The cultural characteristics of strain A8036
T and the type strains of closely related Actinomadura species in all tested media are presented in Table 1 . The physiological properties that distinguish strain A8036
T from closely related species of the genus Actinomadura are listed in Table 2 .
Strain A8036
T also possessed chemical markers that are typical of members of the genus Actinomadura. It contained meso-diaminopimelic acid (Type III; Lechevalier & Lechevalier, 1970) as the cell-wall diamino acid and whole-cell sugars including glucose, ribose (major component) mannose and madurose (Type B; madurose was the diagnostic sugar) (Fig. S2) . The polar lipids included diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides (Fig. S3) . The predominant menaquinones were MK-9(H 6 ) (61 %) and MK-9(H 4 ) (21 %); MK-9(H 8 ) (8 %) and MK-9(H 2 ) (3 %) were also detected as minor components (Fig. S4) . The major cellular fatty acids of strain A8036
T were iso-C 16 : 0 (19.93 %), C 17 : 1 cis9 (16.53 %), C 16 : 0 (13.28 %), C 15 : 0 (11.60 %), 10-methyl C 17 : 0 (11.59 %) and C 17 : 0 (7.27 %); iso-C 11 : 0 3-OH (6.09 %), C 18 : 1 cis9 (4.26 %), 10-methyl C 18 : 0 (tuberculostearic acid; 3.81 %), C 16 : 1 cis9 (2.68 %), C 14 : 0 (1.37 %) and C 18 : 0 (1.57 %) were also present as minor components. The G+C content of the DNA of strain A8036
T was 70.8 mol%.
It is evident from the genotypic and phenotypic data presented that strain A8036 T represents a novel species of (Saitou & Nei, 1987) based on almost-complete 16S rRNA gene sequences showing the relationship between strain A8036
T and the type strains of closely related species of the genus Actinomadura in the family Thermomonosporaceae. Asterisks indicate branches of the tree that were also recovered with the maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) tree-making algorithms. Numbers at nodes indicate levels of bootstrap support (percentages of 1000 resamplings); only values above 50 % are shown. GenBank accession numbers are given in parentheses. Bar, 0.005 substitutions per site. Aerobic, Gram-positive, non-acid-alcohol-fast, non-motile actinomycete that forms extensively branched, non-fragmenting, orange-yellow substrate mycelia that bear white aerial mycelia on several tested media. Aerial mycelia bear spiral chains of spores with irregular surfaces. Diffusible pigments are not produced. Melanoid pigment is not produced on ISP 6 or ISP 7 agars. Growth occurs at pH 5.0-11.0 and at 20-45 u C, but not at pH 4.0, or at 10 or 50 u C. Optimal growth occurs at 30 u C and at pH 7.0. Growth is observed with 0-5 % (w/v) NaCl. Positive for acid phosphatase, alkaline phosphatase, arginine dihydrolase, a-glucosidase, b-glucosidase, catalase, chymotrypsin, citrate, esterase lipase, leucine arylamidase, N-acetyl-bglucosaminidase, naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase, but negative for a-galactosidase, b-galactosidase, cystine arylamidase, esterase, lipase, afucosidase, a-mannosidase, b-glucuronidase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, indole and H 2 S production. Positive for arbutin hydrolysis and nitrate reduction but not for aesculin or urea hydrolysis. Degrades casein, elastin, starch, Tweens 20, 40 and 80 and testosterone, but not adenine, chitin, gelatin, guanine, hypoxanthine, xanthine or xylan. Utilizes adoni- 
The quinone system consists of MK-9(H 6 ), MK-9(H 4 ), MK-9(H 8 ) and MK-9(H 2 ). The polar lipid profile contains diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides. The major fatty acids are iso-C 16 : 0 , C 17 : 1 cis9, C 16 : 0 , C 15 : 0 and 10-methyl C 17 : 0 . + 2 2 2 45 u C + + 2 + 4 % NaCl + + + 2 5 % NaCl + + + 2 API 20E results Arginine dihydrolase + 2 2 2 Citrate + 2 2 + H 2 S production 2 2 2 + Tryptophan deaminase 2 2 2 + Amygdalin + + + 2 Catalase + 2 + + API ZYM results Esterase 2 2 + 2 Cystine arylamidase 2 2 + 2 The type strain, A8036 T (5DSM 45508 T 5KCTC 19868 T ), was isolated from soil in Canakkale, Turkey. The G+C content of the genomic DNA of the type strain is 70.8 mol%.
